Abstract. This paper discusses the concept of grid towards achieving a complete definition using main grid characteristics and uses found in literature. Ten definitions extracted from main literature sources have been studied allowing the extraction of grid characteristics while grid uses are defined in terms of the different types of application support provided by grids. A grid definition is proposed using these characteristics and uses. This definition may be very useful to determine the limits of the grid concept as well as to explore new application fields in grid computing.
Introduction
Having a complete grid definition built using all main characteristics and uses may be considered important for several reasons. First, it is indispensable to exactly determine whether a given technology can be considered to be a grid or not [2] . In this sense, a grid definition can show how grid technologies can be found in application fields other than supercomputing. In addition, it allows studying the potential benefits that the use of a grid can report to application fields still unexplored by grid researchers. For example, the project supporting this research is devoted to the use of grid infrastructure in Computer Supported Collaborative Learning (CSCL) applications.
The lack of a complete grid definition has already been detected in literature [2] , [6] . Significantly, very recent works [7] challenges the already existing definitions of grid. However, such a complete definition has not been given yet.
Thus, the aim of this paper is to advance towards a complete grid definition made up of all main grid characteristics and uses found in grid literature. In order to achieve such a goal, grid characteristics have been extracted from grid definitions provided in main literature sources while grid uses are defined in terms of the types of application support supplied by grids according to literature. This paper is organized as follows. Section 2 examines ten literature definitions in order to find out the main characteristics that a grid is supposed to have. Section 3 categorizes the different types of support that grids can provide to applications. Both the list of grid characteristics and uses are employed in section 4 to build grid definition. Conclusions and future work may be found in section 5.
Ten definitions extracted from main grid literature sources have been examined to find out the essential characteristics that a grid is supposed to have in order to be considered as such. As a result, a total amount of ten characteristics have been identified. Both the definitions and the characteristics found in them, either explicitly or implicitly are shown in Table 1 together with their references. These characteristics may be described as follows: (1) Large scale: a grid must be able to deal with a number of resources ranging from just a few to millions. (2) Geographical distribution: grid's resources may be located at very distant places. (3) Heterogeneity: a grid hosts both software and hardware resources that can be very varied. (4) Resource sharing: resources in a grid belong to many different organizations that allow other organizations (i.e. users) to make use of them. (5) Multiple administrations: each organization may establish different security and administrative policies under which their owned resources can be accessed and used. (6) Resource coordination: resources in a grid must be coordinated in order to provide aggregated computing capabilities. (7) Transparent access: a grid should be seen by the user as a single virtual computer. (8) Dependable access: a grid must assure the delivery of services under established Quality of Service (QoS) requirements. (9) Consistent access: a grid must be built with standard services, protocols and interfaces thus hiding the heterogeneity of the resources while allowing its scalability. (10) Pervasive access: the grid must grant access to available resources by adapting to a dynamic environment in which resource failure is commonplace.
Main grid uses
Opposite to what it is often believed, the grid is not only a computing paradigm for just providing computational resources for grand-challenge applications. Instead, it is an infrastructure that bonds and unifies globally remote and diverse resources in order to provide computing support for a wide range of applications. It is important to notice that grid uses are thus not defined in terms of types of applications (as it is usually found in literature) but in terms of types of support to applications.
The different types of computing support offered by grids can be categorized according to the main challenges that they present from the grid architecture point of view. This categorization is the following: (1) Distributed supercomputing support allows applications to use grids to couple computational resources in order to reduce the completion time of a job [10] or to tackle problems that cannot be solved on a single system [1] . (2) High-throughput computing support allows applications to use grids to put unused processor cycles to work in generally loosely coupled or independent tasks [1] . (3) On-demand computing support allows applications to use grids to retrieve resources that cannot be cost-effectively or conveniently located locally [1] . (4) Data-intensive computing support allows applications to use grids to synthesize new information from distributed data repositories, digital libraries and databases [1] . (5) Collaborative computing support allows applications to use the grid to enable and enhance human-to-human interactions [1] in a synchronous or asynchronous way [6] via a virtual space. (6) Multimedia computing support allows applications to use grids to deliver contents assuring end-to-end QoS [10] . Table 1 . A review of the main concepts found explicitly (E) or implicitly (I) in grid definitions extracted from the literature. Concepts are numbered following the description in text. E E E "The real and specific problem that underlies the Grid concept is coordinated resource sharing and problem solving in dynamic, multiinstitutional virtual organizations" ([6]) E E E "A distributed network computing (NC) system is a virtual computer formed by a networked set of heterogeneous machines that agree to share their local resources with each other. A Grid is a very large scale, generalized distributed NC system that can scale to Internet-size environments with machines distributed across multiple organizations and administrative domains" ([10])
E I E E E I "Grid technologies and infrastructure support the sharing and coordinated use of diverse resources in dynamic, distributed virtual organizations -that is, the creation, from geographically distributed components operated by distinct organizations with differing policies, of virtual computing systems that are sufficiently integrated to deliver the desired QoS" ( [5] )
E E E E E I E E "A Grid is a system that coordinates resources that are not subject to a centralized control using standard, open, general-purpose protocols and interfaces to deliver nontrivial qualities of service" ( [7] )
E E E E geographically distributed hardware and software infrastructure composed of heterogeneous networked resources owned and shared by multiple administrative organizations which are coordinated to provide transparent, dependable, pervasive and consistent computing support to a wide range of applications. These applications can perform either distributed computing, high throughput computing, on-demand computing, data-intensive computing, collaborative computing or multimedia computing".
Conclusions and future work
Grids are mainstream technology that do not have a clear and complete definition in the literature. Establishing a complete grid definition is considered an important goal in order to allow determining the limits of the grid research field as well as exploring new fields of application in grid computing. To tackle this problem, ten definitions extracted from main literature sources have been studied allowing the extraction of the ten main characteristics of grids. In addition, grid uses have been defined in terms of the different types of application support provided by grids according to the literature. Both grid characteristics and uses have been used to build a grid definition.
The establishment of a grid definition in this paper is not an isolated effort. On the contrary, this definition is currently being used within the framework of the project supporting this work in order to determine the possible advantages of using a grid infrastructure for CSCL applications.
